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Abstract
Background: Physical activity promotion in people with Chronic Obstructive Pulmonary Disease (COPD) is focus of
research and public health. Patient-centred interventions like counselling are promising approaches to help patients
reducing sedentary behaviour. Aim of the present study is to investigate if a physical activity counselling program
during pulmonary rehabilitation increases physical activity level in daily life in people with COPD.
Methods: A two-armed, single blind randomised controlled trial including 56 people with COPD will be conducted in
an outpatient pulmonary rehabilitation. Patients will participate in a 12-week-rehabilitation program; individuals
randomized to the interventional group will additionally participate in five counselling sessions with a physiotherapist,
based on the principles of motivational interviewing. The participants’ physical activity level will be measured using an
accelerometer (SenseWear Pro®) before, directly and 3 months after pulmonary rehabilitation. Semi-structured interviews
will be conducted to learn more about barriers and facilitators regarding daily physical activity.
Discussion: If the strategy successfully improves the physical activity level in people with COPD, counselling might be
implemented in pulmonary rehabilitation.
Trial registration: Clinical Trials.gov NCT02455206 (05/21/2015), Swiss National Trails Portal SNCTP000001426 (05/21/2015).
Keywords: Behaviour change, Physical activity promotion, COPD, Motivational interviewing
Background
Physical inactivity in daily life is a prominent feature in
people with Chronic Obstructive Pulmonary Disease
(COPD) [1–5]. The amount of daily physical activity (PA)
gradually declines with the severity of COPD [5–7]. In
addition, PA is associated with the number of hospitaliza-
tions [8–10] and recognised as the strongest predictor of
all-cause mortality [9, 11] in these patients. A downward
circle of dyspnoea induced by PA may lead to a shift in pa-
tients’ lifestyle resulting in a vicious circle of decreased ex-
ercise tolerance, which in turn further reduces activity
levels and increases social isolation and depression [12]. In
addition, results from the PERCEIVE study indicated that
patients’ perception of their COPD impacted the activities
of daily living [13].
Physical inactivity became topic of great interest since
both the American Thoracic Society (ATS) and the
European Respiratory Society (ERS) stressed the fact that
long-term self-management and adherence to exercise at
home should be the primary goals of pulmonary
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rehabilitation programs (PR) [14]. Research has demon-
strated sufficiently that PR is beneficial to people with
COPD as it improves exercise capacity and locomotor
muscle strength [15, 16]. Although the main purpose of PR
should be enhancing PA, the impact of PR on PA in people
with COPD is still unclear [17, 18]. Mantoani and col-
leagues [19] showed in a literature review that the interven-
tion of 13 studies demonstrated a positive effect while the
strategy of seven studies had no effect. Mantoani and col-
leagues stressed the fact that objectively assessed improve-
ments were only shown by studies with an intervention
phase equal or longer than 12 weeks duration, even though
the increments in activity level ranged between 10 and 20%.
Apparently there is an eloquent difference between
functional capacity status and daily PA, as the latter may
be elicited by the habitual and environmental factors of
sedentary patients. However, in order to be meaningful for
people with COPD, PR-induced improvements need to be
translated into changes in PA and participation in every-
day situations. An alternative strategy to improve physical
activity levels may be a lifestyle PA counselling program to
help the patients to translate PR-induced improvements
in exercise capacity during daily living. It may be postu-
lated that implementation of comprehensive counselling
program during PR is the strategy of choice [20]. One
promising approach is counselling based on motivational
interviewing (MI). According to Miller and Rollnik [21]
this conversation method is client-centred and directive. It
focusses on the exploration and evocation of a person’s in-
trinsic motivation to change his/her status quo regarding
daily physical activity. Hereby MI emphasises the attitude
of rather seeing a person ambivalent than unmotivated in
regards to behavioural change. Consequently, it is the
therapist’s intension to detect a patient’s ambivalence and
to further resolve it. This attitude is called “MI spirit” and
is based on four principles such as; be empathetic, develop
discrepancy, roll with resistance and support self-efficacy
[22]. The process to change the problem behaviour can be
divided in two phases; first to create motivation to change
and second to commit to change. The MI method is self-
defined and not tailored. Several authors investigated the
effects of PA counselling based on MI added to PR in
people with COPD [23–25]. De Blok and colleagues [23]
compared the short-term effects of a lifestyle PA counsel-
ling program with feedback of a pedometer during a nine-
weeks PR on daily step count to PR alone. Twenty-one
individuals with moderate to severe COPD were random-
ized into two groups. Four counselling sessions a 30 min
were performed by physiotherapists following the princi-
ples of MI. The experimental group increased the mean
daily step count by 69% for continuous 6 days without PR,
whereas the control group increased by 19% compared to
baseline. Effects were not statistically significant, however
the between-group effect size was d > 0.8. This was the
first study using a feedback-tool to improve motivation
which gave useful information for following trials evaluat-
ing long-term effects in a larger patient group living in the
region of Groningen [26, 27]. However, PA was quantified
by using a pedometer, but objectively measuring PA by
using multiaxial accelerometer seems to be the most ac-
curate field based estimate of PA [28, 29]. Burtin and col-
leagues [24, 25] investigated as well the additional effect of
counselling during PR in PA levels in 80 people with mod-
erate to very severe COPD. To measure PA levels object-
ively an accelerometer was used before and after 3 months
and after 6 months of PR. Those individuals randomized
to the intervention group participated in eight individual
counselling sessions a 20 to 30 min with a physiotherapist
based on principles of MI. Controls received a sham atten-
tion program. Unfortunately, the study failed to show any
improvements regarding PA after 6 months. The authors
reflect it could be more effective to put the counselling
sessions at the end respectively short after the end of PR.
Furthermore, the counselling providers had no prior ex-
perience with MI. They have had three 1 h–training ses-
sions and supervision during the first few months of the
study. Additionally, adherence to PR was not documented.
Holland and colleagues [30] published a protocol de-
scribing a RCT in 166 individuals evaluating the effect of
home-base PR using MI compared to outpatient PR. It is
an eight-week program and primary outcome will be the
immediate change in six-minute walk distance.
Designing the optimal intervention for the promotion
of PA in people with COPD is an intensively investi-
gated topic in recent literature [19, 20, 31]. In order to
address the recommendations of the ATS and the ERS
more accurately, the current study aims to improve
long-term self-management and adherence to exercise
at home during PR by adding counselling based on MI.
This study also aims to gain information about the will-
ingness to actually change habitual behaviour in
patients with COPD and evaluates the patients’ per-
spective on barriers and facilitators towards daily PA.
There is no conclusive evidence yet about the best
strategy to promote PA and helping people with COPD
to change their behaviour. Data from well-designed
interventional studies looking at the willingness to ac-
tually change habitual behaviour in people with COPD
are urgently needed [20]. The results of the study may
gain insight into the factors determining physical activ-
ity and help leading to novel therapeutic approaches in
the care of people with COPD.
Objective
The overall aim of the present study is to investigate
if a PA counselling program during outpatient PR in-
creases PA level in daily life in people with COPD
during and after PR.
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Methods
Design and ethics
The study is a prospective two-arm single-blinded
randomized controlled trial comparing a PA counsel-
ling group (PAcG) with a usual care control group
(CG). Figure 1 shows a flow chart of the study. The
study was approved by the local ethics committee
(Canton Zurich) on 4th May 2015 (PB_2016–01523)
and inclusion was initiated in October 2015 (still
ongoing).
The data collection will be conducted in compliance
with Good Clinical Practices protocol and the Declar-
ation of Helsinki principles. The participants with
COPD will receive written and oral information about
the study. Written informed consent will be obtained
prior to baseline measurements. The study is regis-
tered on the website of http://www.ClincalTrails.gov
with the identifier NCT02455206 as well as the Swiss
National Trails Portal SNCTP000001426.
Setting
This study will be conducted at Canton Hospital
Winterthur (KSW; Institute for Physiotherapy and Pul-
monary Division), Switzerland. Patients participate in
the outpatient PR program “Pneumofit”.
Participants
Participants fulfilling all of the following inclusion criteria
are eligible for the study: Informed consent as documented
by signature aged 40–90 years and confirmed COPD
(GOLD stages B-D) according to GOLD-guidelines [12],
German speaking and planned participation in Pneumofit.
The presence of any one of the following exclusion criteria
will lead to exclusion of the participant: Mental or physical
disability (known mini-mental score < 20) precluding
informed consent or compliance with the protocol, pa-
tients on morphine medication, primary diagnosis of heart
failure, uncontrolled arrhythmias causing symptoms or
hemodynamic compromise, severe co-morbidity (acute
coronary syndrome, unstable angina terminal renal failure,
concomitant pulmonary embolism, very severe pneumonia:
CURB65 > 3), severe untreated arterial hypertension at rest
(> 200 mmHg systolic, > 120 mmHg diastolic). Criteria for
withdrawal are defined as cordial ischemia, fall in systolic
pressure > 20 mmHg from the highest value during the
test, hypertension (> 250 mmHg systolic; > 120 mmHg
diastolic), recurrent exacerbation, interruption of
rehabilitation program ≥3 weeks. Withdrawn participants
will be contacted 3 month after the last visit. They will be
asked if they would like to participate in the follow-up as-
sessment (accelerometer, questionnaires) and focus-group
Fig. 1 Design and flow of participants through the trial
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interviews. We will record any adverse events such as in-
juries, increase of respiratory symptoms or cardiac events
as they happen during the outpatient PR.
Recruitment and randomization
People with confirmed COPD according to the guidelines
referred to the pulmonary division of KSW between
October 2015 and likely October 2018 will be asked to par-
ticipate in the study. No public advertisement will be per-
formed. Using a generator (R statistical software) the
patients will randomly allocated into blocks of four, within
one of two treatment arms. Additionally, stratification is
used to ensure good balance of exercise capacity (6MWD).
The randomization list will be accessible to the responsible
members of the research team. The individual assignment
will be kept in closed envelopes, which will be opened after
the patient gives his/ her consent to participate in the study.
Randomization will be performed by an independent per-
son. For practical reasons participants and therapists are
not blinded, but the assessors will be blinded.
Intervention
Pneumofit
Cardio-pulmonary exercise training will be performed ac-
cording to published guidelines [19, 32–34]. Participants
attend the outpatient clinic three times per week (1.5-h
sessions) for 12 weeks performing 36 sessions of physical
training. The sessions include dynamic strength training
for the following muscles: quadriceps femoris, hamstrings,
triceps surae, pectoralis major, deltoid, latissimus dorsi
and triceps brachi. The dynamic strength training exer-
cises will be performed while seated. Patients start at 70%
of their initial one-repetition maximum (1RM) and fulfill
2 cycles of 6-12repetitions of isotonic muscle contractions
[32–34] with a resting period of 1–2 min between the
series. One repetition maximum (1RM) is the maximum
amount of weight one can lift during a single repetition of
a given exercise.
When the patients feels able to perform three sets of
more than 15 repetitions without any difficulty, effort will
be increased stepwise by 5% of the 1RM. Cardio-
pulmonary endurance training will be performed on a
cycle ergometer or treadmill [32–34]. The initial intensity
for cycling will be set at 70–80%Wpeak for 20 min. In-
creases in workload will be based upon symptom scores.
Interval endurance training will be performed according
to the recommendations by Gloeckl and colleagues [35].
Participants perform one training per week outdoors par-
ticipating in a nordic walking class.
Experimental group
Participants allocated to PAcG will receive PR plus
counselling. PA counselling will be performed by using
“motivational interviewing” (MI) techniques. The PA
counselling will be provided by two experienced physio-
therapists (MSc.), independent to the rehabilitation pro-
gram, who are profoundly trained and graduated by a
9 days MI course. There are going to be five face-to-face
conversations a 30 min between the therapist and one
patient during the twelve-week rehabilitation program
“Pneumofit” at KSW. Privacy during the sessions will be
ensured. The dates of the session will be organised by
the receptionists of the physiotherapy institute of KSW
and the ZHAW. In case of missing out, the session will
be held within the shortest possible timeframe.
Evaluation of communication skills of counsellors/
fidelity check If the participant of the PAcG agrees all
counselling sessions will be audiotaped. The fidelity
check evaluates the general session content, as well as
random 20-min segments of the conversations which
will be assessed by an external independent MI-expert
according to the Motivational Interviewing Treatment
Integrity (MITI 4) [36] criteria. Feedback will be pro-
vided to the counsellors to strengthen their skills and
consistency with the study intervention [37].
Controls
Participants allocated to the control group will receive
usual care PR.
Measurements
Before beginning of PR program, baseline pulmonary
function test and other routine assessments will be per-
formed. In addition, study specific assessments will be
conducted. The patients are asked to wear an accelerom-
eter during seven consecutive days. Furthermore, the pa-
tients are invited to fill out four different questionnaires
(BREQ-3, SCPA, IPAQ, and CRQ). Assessments will be
conducted at baseline (week 0), after 3 month when fin-
ishing PR (week 12), and patients will be contacted for
the follow-up assessment (week 24). Additionally, partic-
ipants will be asked to take part in interviews for a quali-
tative analysis.
Daily physical activity (PA)
PA will be measured by a multisensor accelerometer (Sen-
seWear Pro® armband; BodyMedia, Inc., Pittsburgh, PA,
USA), which is worn on the upper right arm. The device
estimates energy expenditure (EE) using measurements
from a biaxial accelerometer and sensors that quantify gal-
vanic skin response, heat flux and skin temperature. The
biaxial accelerometer records the number of steps per day
and the duration of PA [38]. The number of steps per day,
metabolic equivalent (MET), total energy expenditure
(TEE), and the physical activity level (PAL) will be used in
the present study. Primary outcome is number of steps
per day. MET, TEE, PAL are secondary outcomes. PAL is
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calculated using TEE and sleep expenditure as a surrogate
for resting energy expenditure (REE) (PAL = TEE/REE).
The patients will be instructed to wear the accelerometer
continuously during seven consecutive days, except when
bathing or showering. The SenseWear Pro® armband was
validated to accurately measure PA and quantify EE in pa-
tients with COPD [28, 29, 39].
Behaviour exercise regulation questionnaire (BREQ-3)
The BREQ-3 [40] considers the individuals’ motivation
towards exercise. The questionnaire comprises 24 items
relating to five motivation types from the Self-
determination Theory [41]. Each item is measured on a
scale, from 0 (“Not true to me”) to 4 (“very true to me”).
The BREQ-2 was already used in the context of PA re-
search [42, 43]. BREQ-3 was translated into German fol-
lowing guidelines for translation and cross-cultural
adaption of self-report measures [44–46].
Physical activity stage of change assessment tool (PASC)
The Physical Activity Stage of Change Assessment Tool
[47] was designed to assess the patients’ willingness to
change their habitual behaviour using a brief series of
four questions based on the transtheoretical model [38].
PASC was translated into German following guidelines
for translation and cross-cultural adaption of self-report
measures [44, 45, 48].
Awareness of physical activity
The awareness of the PA level will be evaluated by the
German International Physical Activity Questionnaire
(IPAQ) [49, 50]. The IPAQ considers a 7-day recall period,
identifying PA undertaken in the morning, afternoon and
evening. IPAQ quantifies PA by using the time send on
walking, moderate and vigorous PA. The IPAQ was used
in patients with COPD in previous research [51].
Compliance to PR
Compliance is defined as the number of sessions com-
pleted divided by the total number of sessions prescribed
and will be expressed as a percentage. The Program
Pneumofit at KSW consists of minimal 24 and maximal
36 training sessions.
Health-related quality of life (CRQ)
The Chronic Respiratory Disease Questionnaire (CRQ) is a
disease-specific assessment for evaluating COPD [52]. The
CRQ-Questionnaire has been validated to quantify the im-
pact of disease on daily life and well-being [53]. The CRQ
consists of 20 items, which can be divided into four do-
mains: dyspnoea (five items), fatigue (four items), emotional
function (seven items) and mastery (four items). The pa-
tients will be asked to rate each item on a 7-point scale
from 1 (maximum impairment) to 7 (no impairment).
Higher scores imply better self-reported disease-specific
QOL. The total CRQ score, calculated as the mean of the
scores on the four dimensions of the CRQ, will be used for
further analysis.
COPD assessment test (CAT)
The CAT score is a unidimensional patient-completed
questionnaire assessing globally the impact of COPD
(cough, sputum, dysnea, chest tighteness) on health sta-
tus [54]. The CAT scores range from 0 to 40. Higher
scores denote a more severe impact of COPD on a pa-
tient’s life. The difference between stable and exacerba-
tion patients was five units. No target score represents
the best achievable outcome.
Cardiopulmonary exercise capacity
The incremental work-rate test permits the evaluation of
both submaximal and peak exercise responses, providing
several indices relevant to the evaluation of patients with
respiratory diseases. Use of the IET can also rule out cer-
tain medical conditions that pose a risk for exercise inter-
ventions, thus increasing their safety. Also, exercise tests
are reliable and consistently responsive to rehabilitative
and pharmacological interventions. Symptom-limited car-
diopulmonary exercise testing will be performed using an
electronically braked cycle ergometer (Ergoselect 200).
After an initial 3 min of unloaded pedalling, the work load
will be increased automatically by 5–8 watts every minute
until the patient could no longer continue the required ca-
dence of 55–65 rpm due to dyspnea or exhaustion.
Maximum work rate (Wmax) will be defined as the
highest work level that was reached. Oxygen saturation
(measured via pulse oximetry) and heart rate (measured
via electrocardiography) will be recorded continuously
throughout exercise and during recovery.
Six-minute walk test (6MWT)
The Six-minute walk test (6MWT) will be performed ac-
cording to the guidelines published by the ATS [55] with a
standardized encouragement in a 30 m corridor. An expe-
rienced technician will supervise it. Before starting the
6MWT, patients will be seated for three to 5 min. The
Spirometry will be performed prior to the test. The
6MWT will be followed by a recovery phase, where the
patient will rest on a chair. Total walking distance, Borg’s
dyspnoea score and the subjective limiting factor (accord-
ing to the patients’ interpretation) will be measured.
Sit to stand (STS)
Furthermore, the sit-to-stand-test (STS) will be per-
formed according to Puhan and colleagues [56]. Using
the STS test protocol, an experienced physiotherapist
will ask patients to sit down on a chair (height 46–
48 cm) without arm rests, keep their legs apart with
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about 90 degrees knee flexion and aligned with their
hips, and to hold their hands stationary on their hips.
Patients will be asked to stand up and to sit down once
or twice in order to familiarize them with the task and
to assess its feasibility and safety. A physiotherapist in-
structs patients about the duration of the test (1 min)
and to perform as many repetitions as possible allowing
for short breaks if needed but without using the arms
for support. The physiotherapist starts the test by giving
the command “attention, ready, go”. When 15 s are left
patients will be told “You have 15 seconds left until the
test is over”.
Pulmonary function
Participants will receive spirometry, whole body plethys-
mography and diffusion capacity measurements according
to the ATS/ERS guidelines with a commercially available
system (Body 500™, ZAN, Oberthulba, Germany) [57].
Post bronchodilator spirometry will be performed after in-
halation of 4 × 100 μg salbutamol. Maximal inspiratory
mouth occlusion pressure after 100 ms (PO.1max) will be
measured as previously described [57].
Barriers and enablers PA
Individual, semi-structured interviews will be performed
in a subgroup of 16 participants in order to gain more de-
tailed information about “barriers and enablers” of partici-
pation in daily-life activities. Participants will be invited to
two interviews, one right after PR the other after 3 months
follow up. Discussions will be audiotaped, transcribed at
verbatim, coded and categorized according to upcoming
themes. A content analysis will be performed.
Research questions are:
 What are motivating and limitating factors to be
physically active for patients with COPD?
 Does PR change the patients’ attitude towards PA?
How?
 What can we learn for “Pneumofit”?
Statistics
Statistical model
Applying random intercept models, we model the continu-
ous response ygtk (number of steps) of subject k(k = 1, . . .,
n) at time t (baseline t = 0, follow-up t = 1) in treatment
arm g (control: g = 0, intervention g = 1). The model is
ygtk = μ + γg + τt + (γτ)gt + Sk + (Sτ)k , t .
Fixed effects: μ is the mean outcome in the control at
baseline, γ1 is the difference at baseline between the mean
of the intervention and control group (γ0 = 0) - in random-
ized controlled trials, we expect that γ1 = 0, τ1 is the change
from baseline to follow-up of the control means (τ0 = 0),
δ = (γτ)11 is the difference in change from baseline between
intervention and control means (for g ≠ 1 or t ≠ 1:
(γτ)gt = 0). This is the quantity of interest!
Random effects: the random effects Sk, (sτ)k,t are nor-
mally distributed with mean 0 and variance σ2s , σ
2
sτ , re-
spectively. Thus, the (unconditional) variance of the
response γgtk is σ2 ¼ σ2s þ σ2sτ . The sk, (sτk , t)k,t describe
the variation of subjects in time-invariant and time-
varying part. Subject autocorrelation The subject auto-
correlation defined by ρs ¼ σ
2
s
σ2sþσ2sτ describes the correl-
ation of the subject specific scores sk + (sτ)k , t.
Sample size calculation
We make the assumption based on prior literature findings
[27] that our counselling will yield a larger difference be-
tween the two groups: after 3 months of therapy, the pa-
tients in the experimental group walk 3000 steps per day
(SD = 4000) more than the patients in the control group.
The randomized trial will be analysed using ANCOVA
with the outcome at baseline as a covariate. The ap-
proach to power calculations can be resumed: a trial of
(1 –ρ2)n subjects analysed via ANCOVA has the same
power as a trial of n subjects analysed on the follow-up
scores, ρ representing the subject autocorrelation be-
tween baseline and follow-up. The design effect is thus
given by (1 − ρ2). For an equality study, we have the hy-
pothesis H0: δ = 0, H1: δ ≠ 0. With an effect size of
3000/4000 = 0.75, the per-group sample size is, using a
power of 0.8, α = 0.05 and a conservative estimation of
the within-subject autocorrelation of ρ = 0.5, n = 22.
Considering a drop-out rate of 25%, a total of 56 pa-
tients (28 in each group) need to be recruited.
Statistical analysis
The data will be analysed with ANCOVA using baseline
values as covariates. As described above, this analysis is the
most efficient. In the analysis stage, no null-hypothesis sig-
nificance testing-procedures (NHSP) will be used. Instead,
we will use a modern Bayesian approach with Markov
Chain Monte Carlo methods (MCMC) and non-
informative priors on the unknown quantities. Bayesian in-
ference is the reallocation of credibility across the space of
candidate possibilities for the unknown quantities and
gives much richer information than classical frequentist
procedures. The Bayesian approach results in the posterior
distributions of all unknown quantities (parameters and
missing values), therefore allowing unambiguous probabil-
ity statements about the quantities of interest those are not
possible in a frequentist framework. In addition, the com-
putation of derived quantities (such as contrasts of interest)
is straight forward. Ninety-five percent Bayesian credible
intervals will be constructed for the parameters of interest.
All analyses will be performed using the R statistical soft-
ware R version 3.3.2 (2016–10-31) [58] and JAGS (Just
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Another Gibbs Sampler) [59]. JAGS is designed to work
with the R language. From within R, we will use the rjags-
package [60].
Discussion
The development and implementation of successful strat-
egies to improve PA are in the focus of both, medical re-
search and public health [8–11]. The minimal important
difference regarding a proxy of PA has not been defined yet
in people with COPD. PA recommendations for the elderly
state that 30 min of moderate intense physical activity on at
least 5 days per week in order to improve or maintain their
health status [61]. But even these recommendations are not
realistic for people with very severe COPD. There seems to
be a common agreement that PA promotion in people with
COPD has to incorporate the patients’ personal values and
goals, symptoms, and motivation status [20, 24, 25, 62, 63].
Donaire-Gonzales and colleagues [64] evaluated the inter-
action of quantity and intensity of PA in their effects on
COPD hospitalisation risk. For people with low average PA
intensity the risk for COPD hospitalisation was reduced by
20% for every additional 1000 daily steps. Contrary and a
little surprising, adding steps to an anyway high-intensity
PA does not produce any risk reduction. Reducing seden-
tary behaviour is especially beneficial for people with low
PA. Currently, it is still on debate which strategy might be
the best to improve PA in people with COPD. Recent litera-
ture shows a tendency to patient-centred interventions like
counselling [19]. This study aims to investigate if a PA
counselling program based on the principles of MI, during
PR increases PA level in daily life in people with COPD.
Using a mixed-method-approach will gain multifaceted
knowledge about barriers and facilitators about the accept-
ance and effect of this strategy.
It might be a disadvantage not to offer direct feedback
like a pedometer to every participant [19]. However, if a
participant has the idea to use a step counter (pedometer,
mobile phone, etc.) as part of his strategy to be more active,
we support this purpose.
The accelerometer SenseWear is especially accurate and
validated in this patient group [39, 65], but not easy access-
ible in clinical practice. The device is much more uncom-
fortable and unattractive than other devices like a smart
watch. Furthermore, the SenseWear device production was
stopped in 2015. Anyhow, we decided to stick with the
SenseWear.
If this strategy is approved to be effective PA counselling
might be implemented as an integral part of PR Pneumofit.
Abbreviations
6MWD: Six-minute-walk-distance; ANCOVA: Analysis of covariance;
ATS: American Thoracic Society; BREQ: Behaviour exercise regulation
questionnaire; CAT: COPD Assessment test; CG: Control group;
COPD: Chronic obstructive pulmonary disease; CRQ: Chronic respiratory
questionnaire; ETS: European Respiratory Society; IPAQ: International Physical
Activity Questionnaire; KSW: Kantonspital Winterthur; MCMC: Markov chain
monte carlo methods; MET: Metabolic equivalent; NHSP: Null-hypothesis
significance testing-procedures; PA: Physical activity; PACG: Physical activity
counselling group; PAL: Physical activity level; PASC: Physical activity stage of
change assessment tool; PR: Pulmonary rehabilitation; REE: Resting energy
expenditure; RM: Repetition movement; STS: Sit-to-stand; TEE: Total energy
expenditure
Acknowledgements
The authors recognize the work of Prof Dr. Arnoldus van Gestel, who died in
June 2016. We also thank Florent Baty, Kantonsspital St. Gallen who contributed
to the data management concept of the study. Many thanks to Christa Wachter
and Ilinka Tanic for supporting our team.
Funding
This study is funded by the Swiss Lung Association. Funding includes
devices (accelerometer) and some of the working hours.
Authors’ contributions
All authors contributed to the study conception. MW and AR are responsible
for the conception of the project. AM designed the data management
concept. NS is the expert in the Sensewear data management. NG, DG, SB
and TH described the usual care procedure and Lungenfit-program. AS and
AR are responsible for the intervention. MS is responsible for the qualitative
analysis. All authors read and approved the final manuscript.
Ethics approval and consent to participate
The study was approved by the local ethics committee (Canton Zurich) on
4th May 2015 (PB_2016–01523). Written informed consent will be obtained
prior to baseline measurements.
Consent for publication
Not applicable.
Competing interests
All authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Zurich University of Applied Sciences, Institute for Physiotherapy,
Technikumstrasse 71, 8401 Winterthur, Switzerland. 2Kantonsspital Winterthur,
Institute for Physiotherapy, Brauerstrasse 15, 8401 Winterthur, Switzerland.
3Kantonsspital Winterthur, Pneumology, Brauerstrasse 15, 8401 Winterthur,
Switzerland. 4Zurich University Hospital, Pneumology, Rämistrasse 100, 8091
Zürich, Switzerland.
Received: 10 May 2017 Accepted: 7 August 2017
References
1. Watz H, Pitta F, Rochester CL, Garcia-Aymerich J, ZuWallack R, Troosters T,
Vaes AW, Puhan MA, Jehn M, Polkey MI, et al. An official European
Respiratory Society statement on physical activity in COPD. Eur Respir J.
2014;44(6):1521–37.
2. Kapella MC, Larson JL, Patel MK, Covey MK, Berry JK. Subjective fatigue,
influencing variables, and consequences in chronic obstructive pulmonary
disease. Nurs Res. 2006;55(1):10–7.
3. Donaldson GC, Wilkinson TM, Hurst JR, Perera WR, Wedzicha JA.
Exacerbations and time spent outdoors in chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 2005;171(5):446–52.
4. Decramer M, Gosselink R, Troosters T, Verschueren M, Evers G. Muscle
weakness is related to utilization of health care resources in COPD patients.
Eur Respir J. 1997;10(2):417–23.
5. Vorrink SN, Kort HS, Troosters T, Lammers JW. Level of daily physical
activity in individuals with COPD compared with healthy controls.
Respir Res. 2011;12:33.
6. Hartman JE, Boezen HM, de Greef MH, Bossenbroek L, ten Hacken NH.
Consequences of physical inactivity in chronic obstructive pulmonary
disease. Expert Rev Respir Med. 2010;4(6):735–45.
Rausch-Osthoff et al. BMC Pulmonary Medicine  (2017) 17:115 Page 7 of 9
7. Troosters T, Sciurba F, Battaglia S, Langer D, Valluri SR, Martino L, Benzo R,
Andre D, Weisman I, Decramer M. Physical inactivity in patients with COPD,
a controlled multi-center pilot-study. Respir Med. 2010;104(7):1005–11.
8. Garcia-Aymerich J, Farrero E, Felez MA, Izquierdo J, Marrades RM, Anto JM, Estudi
del Factors de Risc d'Aguditzacio de la Mi. Risk factors of readmission to hospital
for a COPD exacerbation: a prospective study. Thorax. 2003;58(2):100–5.
9. Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Anto JM. Regular physical
activity reduces hospital admission and mortality in chronic obstructive
pulmonary disease: a population based cohort study. Thorax. 2006;61(9):772–8.
10. Pitta F, Troosters T, Probst VS, Spruit MA, Decramer M, Gosselink R. Physical
activity and hospitalization for exacerbation of COPD. Chest. 2006;129(3):536–44.
11. Waschki B, Kirsten A, Holz O, Muller KC, Meyer T, Watz H, Magnussen H.
Physical activity is the strongest predictor of all-cause mortality in patients
with COPD: a prospective cohort study. Chest. 2011;140(2):331–42.
12. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, Barnes PJ,
Fabbri LM, Martinez FJ, Nishimura M, et al. Global strategy for the diagnosis,
management, and prevention of chronic obstructive pulmonary disease: GOLD
executive summary. Am J Respir Crit Care Med. 2013;187(4):347–65.
13. Miravitlles M, Anzueto A, Legnani D, Forstmeier L, Fargel M. Patient's perception
of exacerbations of COPD–the PERCEIVE study. Respir Med. 2007;101(3):453–60.
14. Nici L, Donner C, Wouters E, Zuwallack R, Ambrosino N, Bourbeau J, Carone
M, Celli B, Engelen M, Fahy B, et al. American Thoracic Society/European
Respiratory Society statement on pulmonary rehabilitation. Am J Respir Crit
Care Med. 2006;173(12):1390–413.
15. Lacasse Y, Goldstein R, Lasserson TJ, Martin S. Pulmonary rehabilitation for chronic
obstructive pulmonary disease. Cochrane database Sys Rev. 2006;4:CD003793.
16. Troosters T, Casaburi R, Gosselink R, Decramer M. Pulmonary rehabilitation
in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2005;
172(1):19–38.
17. Pitta F, Troosters T, Probst VS, Langer D, Decramer M, Gosselink R. Are
patients with COPD more active after pulmonary rehabilitation? Chest. 2008;
134(2):273–80.
18. Cindy Ng LW, Mackney J, Jenkins S, Hill K. Does exercise training change
physical activity in people with COPD? A systematic review and meta-
analysis. Chron Respir Dis. 2012;9(1):17–26.
19. Mantoani LC, Rubio N, McKinstry B, MacNee W, Rabinovich RA. Interventions
to modify physical activity in patients with COPD: a systematic review. Eur
Respir J. 2016;48(1):69–81.
20. Langer D, Demeyer H. Interventions to modify physical activity in patients
with COPD: where do we go from here? Eur Respir J. 2016;48(1):14–7.
21. Miller WR, Rollnick S. Motivational interviewing. Preparing people to change.
3rd ed. New London: The Guildford Press; 2013.
22. Körkel J, Veltrup C. Motivational interviewing: Eine Übersicht. Suchttherapie.
2003;4(3):115–24.
23. de Blok BM, de Greef MH, ten Hacken NH, Sprenger SR, Postema K, Wempe
JB. The effects of a lifestyle physical activity counseling program with
feedback of a pedometer during pulmonary rehabilitation in patients with
COPD: a pilot study. Patient Educ Couns. 2006;61(1):48–55.
24. Burtin C, Langer D, van Remoortel H, Demeyer H, Gosselink R, Decramer M,
Dobbels F, Janssens W, Troosters T. Physical activity Counselling during
pulmonary rehabilitation in patients with COPD: a randomised controlled
trial. PLoS One. 2015;10(12):e0144989.
25. Burtin C, Langer D, van Remoortel H, Demeyer H, Gosselink R, Decramer M,
Dobbels F, Janssens W, Troosters T. Correction: physical activity Counselling
during pulmonary rehabilitation in patients with COPD: a randomised
controlled trial. PLoS One. 2016;11(2):e0148705.
26. Hospes G, Bossenbroek L, Ten Hacken NH, van Hengel P, de Greef MH.
Enhancement of daily physical activity increases physical fitness of outclinic
COPD patients: results of an exercise counseling program. Patient Educ
Couns. 2009;75(2):274–8.
27. Altenburg WA, ten Hacken NH, Bossenbroek L, Kerstjens HA, de Greef MH, Wempe
JB. Short- and long-term effects of a physical activity counselling programme in
COPD: a randomized controlled trial. Respir Med. 2015;109(1):112–21.
28. Patel SA, Benzo RP, Slivka WA, Sciurba FC. Activity monitoring and energy
expenditure in COPD patients: a validation study. Copd. 2007;4(2):107–12.
29. Langer D, Gosselink R, Sena R, Burtin C, Decramer M, Troosters T. Validation
of two activity monitors in patients with COPD. Thorax. 2009;64(7):641–2.
30. Holland AE, Mahal A, Hill CJ, Lee AL, Burge AT, Moore R, Nicolson C,
O'Halloran P, Cox NS, Lahham A, et al. Benefits and costs of home-based
pulmonary rehabilitation in chronic obstructive pulmonary disease - a multi-
centre randomised controlled equivalence trial. BMC pulm Med. 2013;13:57.
31. Lahham A, McDonald CF, Holland AE. Exercise training alone or with the
addition of activity counseling improves physical activity levels in COPD: a
systematic review and meta-analysis of randomized controlled trials. Int J
Chron Obstruct Pulmon Dis. 2016;11:3121–36.
32. Maltais F, LeBlanc P, Jobin J, Berube C, Bruneau J, Carrier L, Breton MJ,
Falardeau G, Belleau R. Intensity of training and physiologic adaptation in
patients with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 1997;155(2):555–61.
33. Bekkering EC, Hendriks HJM, Paterson WJ. Guidelines for physiotherapeutic
management in chronic obstructive pulmonary disease (COPD). Phys Ther
Rev. 2000;5:559–74.
34. Puhan MA, Schunemann HJ, Frey M, Scharplatz M, Bachmann LM. How
should COPD patients exercise during respiratory rehabilitation?
Comparison of exercise modalities and intensities to treat skeletal muscle
dysfunction. Thorax. 2005;60(5):367–75.
35. Gloeckl R, Marinov B, Pitta F. Practical recommendations for exercise
training in patients with COPD. Eur Respir Rev. 2013;22(128):178–86.
36. Moyers TB, Rowell LN, Manuel JK, Ernst D, Houck JM. The motivational
interviewing treatment integrity code (MITI 4): rationale, preliminary
reliability and validity. J Subst Abus Treat. 2016;65:36–42.
37. Hettema JE, Ernst D, Williams JR, Miller KJ. Parallel processes: using
motivational interviewing as an implementation coaching strategy. J Behav
Health Serv Res. 2014;41(3):324–36.
38. Aliverti A, Macklem PT. The major limitation to exercise performance in
COPD is inadequate energy supply to the respiratory and locomotor
muscles. J Appl Physiol. 2008;105(2):749–51. discussion 755-747
39. Hill K, Dolmage TE, Woon L, Goldstein R, Brooks D. Measurement properties
of the SenseWear armband in adults with chronic obstructive pulmonary
disease. Thorax. 2010;65(6):486–91.
40. The Behavioural Regulations in Exercise Questionnaire. http://pages.bangor.ac.
uk/~pes004/exercise_motivation/downloads/breq-3.pdf. Accessed 28 Jan 2015.
41. Deci EL, Ryan RM. Instrinsic motivation and self-determination in human
behavior. New York: PLenum Publishing Co; 1985.
42. Vancampfort D, De Hert M, Vansteenkiste M, De Herdt A, Scheewe TW,
Soundy A, Stubbs B, Probst M. The importance of self-determined
motivation towards physical activity in patients with schizophrenia.
Psychiatry Res. 2013;210(3):812–8.
43. Van Hoecke AS, Delecluse C, Bogaerts A, Boen F. The long-term effectiveness
of need-supportive physical activity counseling compared with a standard
referral in sedentary older adults. J Aging Phys Act. 2014;22(2):186–98.
44. Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines for the process of
cross-cultural adaptation of self-report measures. Spine. 2000;25(24):3186–91.
45. Wild D, Grove A, Martin M, Eremenco S, McElroy S, Verjee-Lorenz A, Erikson
P, Translation ITFf, Cultural A. Principles of good practice for the translation
and cultural adaptation process for patient-reported outcomes (PRO)
measures: report of the ISPOR task force for translation and cultural
adaptation. Value Health. 2005;8(2):94–104.
46. Rausch AK: Behaviour Exercise Regulation Questionnaire - German version.
In. Zurich University of Applied Sciences; 2017. https://digitalcollection.zhaw.
ch/handle/11475/1230. Accessed 28 Jan 2015.
47. Prochaska JO, DiClemente CC. Transtheoretical therapy: towards a more
integrative model of change. Psychotherapy. 1982;19(3):276–88.
48. Rausch AK: Physical Activity Stage of Change Assessment Tool - German
version. In. Zurich University of Applied Sciences. 2017. https://
digitalcollection.zhaw.ch/handle/11475/1231. Accessed 28 Jan 2015.
49. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. 2003;
35(8):1381–95.
50. Kim Y, Park I, Kang M. Convergent validity of the international physical
activity questionnaire (IPAQ): meta-analysis. Public Health Nutr. 2013;16(3):
440–52.
51. Nyssen SM, Santos JG, Barusso MS, Oliveira AD Jr, Lorenzo VA, Jamami
M. Levels of physical activity and predictors of mortality in COPD. J
Bras Pneumol. 2013;39(6):659–66.
52. Guyatt GH, Berman LB, Townsend M, Pugsley SO, Chambers LW. A
measure of quality of life for clinical trials in chronic lung disease.
Thorax. 1987;42(10):773–8.
53. Reda AA, Kotz D, Kocks JW, Wesseling G, van Schayck CP. Reliability and
validity of the clinical COPD questionniare and chronic respiratory
questionnaire. Respir Med. 2010;104(11):1675–82.
Rausch-Osthoff et al. BMC Pulmonary Medicine  (2017) 17:115 Page 8 of 9
54. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N. Development
and first validation of the COPD assessment test. Eur Respir J. 2009;34(3):648–54.
55. Laboratories ATSCoPSfCPF. ATS statement: guidelines for the six-minute
walk test. Am J Respir Crit Care Med. 2002;166(1):111–7.
56. Puhan MA, Siebeling L, Zoller M, Muggensturm P, ter Riet G. Simple functional
performance tests and mortality in COPD. Eur Respir J. 2013;42(4):956–63.
57. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo R,
Enright P, van der Grinten CP, Gustafsson P, et al. Standardisation of
spirometry. Eur Respir J. 2005;26(2):319–38.
58. Team RC. R: a language and environment for statistical computing. Vienna:
R Foundation for Statistical Computing; 2016.
59. Plummer M: Jags: a program for analysis of bayesian graphical models
using gibbs sampling. 2003.
60. Plummer M: Rjags: Bayesioan graphical models using MCMC. R package
version 4.6 edn; 2016.
61. Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, Macera CA,
Castaneda-Sceppa C. Physical activity and public health in older adults:
recommendation from the American College of Sports Medicine and the
American Heart Association. Med Sci Sports Exerc. 2007;39(8):1435–45.
62. Benzo R, Vickers K, Novotny PJ, Tucker S, Hoult J, Neuenfeldt P, Connett J,
Lorig K, McEvoy C. Health coaching and chronic obstructive pulmonary
disease Rehospitalization. A randomized study. Am J Respir Crit Care Med.
2016;194(6):672–80.
63. Cavalheri V, Straker L, Gucciardi DF, Gardiner PA, Hill K. Changing physical
activity and sedentary behaviour in people with COPD. Respirology. 2016;
21(3):419–26.
64. Donaire-Gonzalez D, Gimeno-Santos E, Balcells E, de Batlle J, Ramon MA,
Rodriguez E, Farrero E, Benet M, Guerra S, Sauleda J, et al. Benefits of
physical activity on COPD hospitalisation depend on intensity. Eur Respir J.
2015;46(5):1281–9.
65. Van Remoortel H, Raste Y, Louvaris Z, Giavedoni S, Burtin C, Langer D,
Wilson F, Rabinovich R, Vogiatzis I, Hopkinson NS, et al. Validity of six activity
monitors in chronic obstructive pulmonary disease: a comparison with
indirect calorimetry. PLoS One. 2012;7(6):e39198.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Rausch-Osthoff et al. BMC Pulmonary Medicine  (2017) 17:115 Page 9 of 9
